ABSTRACT.
We have c l o n e d into p l a s m i d p B R 3 2 2 a D N A f r a g m e n t e x t e n d i n g from p o s i t i o n -3 2 t o p o s i t i o n -1 2 o f t h e a d e n o v i r u s type 2 m a j o r late p r o m o t e r region ( p o s i t i o n + 1 r e f e r r i n g to t h e cap s i t e ) .

In vitro t r a n s c r i p t i o n e x p e r i m e n t s show that this 2 1 base pair s e q u e n c e , w h i c h c o n t a i n s t h e G o ! d b e r g -H o g n e s s o r " T A T A " b o x , is both n e c e s s a r y a n d s u f f i c i e n t f o r s p e c i f i c i n i t i a t i o n o f t r a n scription b y RNA p o l y m e r a s e B ( o r I I ) . F u r t h e r m o r e , w e show that s i m i l a r s e q u e n c e s , r a n d o m l y o c c u r i n g in t h e b a c t e r i a l p l a s m i d p B R 3 2 2 , a r e also r e c o g n i z e d by t h e RNA p o l y m e r a s e B t r a n s c r i p t i o n m a c h i n e r y a n d able t o p r o m o t e s p e c i f i c in vitro t r a n s c r i p t i o n . F i n a l l y , w e d i s c u s s t h e p o s s i b l e i m p o r t a n c e o f t h e n u c l e o t i d e s e q u e n c e o f t h e s t a r t region in the actual e f f i c i e n c y o f i n i t i ation o f in vitro
t r a n s c r i p t i o n .
I N T R O D U C T I O N . E l u c i d a t i o n o f t h e m e c h a n i s m o f RNA chain i n i t i a t i o n by RNA p o l y m e r a s e B (II) is a p r e r e q u i s i t e to u n d e r s t a n d i n g t h e m o l ec u l a r basis o f t h e control o f e x p r e s s i o n o f e u k a r y o t i c gene coding f o r p r o t e i n s . F o r p r o k a r y o t i c RNA p o l y m e r a s e some d e t a i l s of this m e c h a n i s m a r e k n o w n . B r i e f l y s t a t e d , t h e RNA p o l y m e r a s e r e c o g n i z e s a n d b i n d s to t w o regions o f D N A l o c a t e d a b o u t 10 bp and about 3 5 bp u p s t r e a m from t h e s t a r t -p o i n t o f mRNA t r a n s c r i ption. These s e q u e n c e s have been termed t h e p r o m o t e r ( 1 , 2 ) . T h e RNA p o l y m e r a s e then l o c a l l y d e n a t u r e s the D N A a r o u n d t h e s t a r tp o i n t , s e l e c t s t h e first a n d s e c o n d r i b o n u c l e o s i d e t r i p h o s p h a t e and c a t a l y z e s t h e f o r m a t i o n o f a p h o s p h o d i e s t e r bond. In b a c t eria, two forms o f c o n t r o l o f this m e c h a n i s m have been d e m o n s t r ated at t h e m o l e c u l a r as well a s a t the p h y s i o l o g i c a l l e v e l . F i r s t , p r i m a r y s e q u e n c e v a r i a t i o n in the R N A p o l y m e r a s e b i n d i n g sites leads to d i f f e r e n t e f f i c i e n c i e s o f t r a n s c r i p t i o n .
S e c o n d l y , s e q u e n c e s w i t h i n and a d j a c e n t t o t h e p r o m o t e r s i t e can s e r v e as b i n d i n g s i t e s f o r o t h e r r e g u l a t o r y p r o t e i n s ( 3 ) . Based on e x a m p l e s o f b a c t e r i a l g e n e t i c r e g u l a t i o n , c o n t r o l o f e u k a r y o t i c gene e x p r e s s i o n a t t h e l e v e l o f t h e i n i t i a t i o n o f t r a n s c r i p t i o n has been s u g g e s t e
d . A l t h o u g h e x p e r i m e n t a l e v i d e n c e s u p p o r t i n g t h i s i d e a e x i s t s , no c l u e s t o i t s d e t a i l e d m o l e c u l a r b a s i s have been y e t o b t a i n e d .
We have r e c e n t l y l o c a l i z e d a DNA s e q u e n c e u p s t r e a m f r o m t h e
' -e n d o f t h e a d e n o v i r u s -2 m a j o r l a t e t r a n s c r i p t i o n u n i t w h i c h i s n e c e s s a r y f o r t h e i n i t i a t i o n o f in vitro
s p e c i f i c t r a n s c r i pt i o n , by RNA p o l y m e r a s e B. U s i n g in vitro g e n e t i c t e c h n i q u e s , d e l e t i o n s were c o n s t r u c t e d a r o u n d t h e 5 ' -e n d o f t h i s t r a n s c r i pt i o n u n i t . D e l e t i o n o f DNA 5' t o p o s i t i o n -3 2 a n d , i n d e p e n d e n t l y ,
1 t o p o s i t i o n -1 2 d i d n o t a b o l i s h s p e c i f i c in vitro i n i t i a t i o n o f t r a n s c r i p t i o n ( 4 ) . I n t h i s p a p e r we d e s c r i b e t h e c l o n i n g and t r a n s c r i p t i o n a n a l y s i s o f a DNA f r a g m e n t c o n t a i n i n g o n l y t h e -2 t o -1 2 r e g i o n o f the a d e n o v i r u s -2 m a j o r l a t e p r o m o t e r ( A d 2 -M L P ) . Our r e s u l t s show t h a t t h i s 21 base p a i r s e q u e n c e ,
c o n t a i n i n g t h e G o l d b e r g -H o g n e s s o r "TATA" b o x , i s b o t h n e c e s s a r y and s u f f i c i e n t f o r s p e c i f i c in vitro i n i t i a t i o n o f t r a n s c r i p t i o n by RNA p o l y m e r a s e B. F u r t h e r m o r e , we show t h a t s i m i l a r s e q u e n c e s , p r e s e n t i n t h e b a c t e r i a l p l a s m i d pBR322, can a l s o p r o m o t e s p e c if i c i n i t i a t i o n o f in vitro t r a n s c r i p t i o n by RNA p o l y m e r a s e B..
MATERIALS AND METHODS.
Chemical_s _and_Enz^rnes. q f _res t r a c t i o n . f r a g m e n t s . R e s t r i c t i o n f r a g m e n t s f o r s e q u e n c i n g , c l o n i n g , s i n g l es t r a n d -n u c l e a s e m a p p i n g , and in vitro t r a n s c r i p t i o n were p u r i - T h a i f r a g m e n t ( s e e F i g . 1A, b o t t o m l i n e ) was p u r i f i e d f r o m a 12 % p o l y a c r y l a m i d e g e l ( 9 ) u s i n g a DEAE-paper e l u t i o n t e c h n i q u e
R e s t r i c t i o n enzymes
( 1 0 ) . S i n g l e -s t r a n d e d DNA f r a g m e n t s , l a b e l l e d w i t h [ Y -3 2 P ] -A T P on t h e 5 ' -e n d , were p u r i f i e d a f t e r d e n a t u r a t i o n by e l e c t r o p h o - The i n i t i a l c l o n e was c o n s t r u c t e d by i n s e r t i n g t h e B a l l f r a g m e n t E o f a d e n o v i r u s -2 DNA (map p o s i t i o n 1 4 . 7 -2 1 . 5 on t h e Ad-2 genome) i n t o t h e DNA p o l y m e r a s e I r e p a i r e d EcoRI s i t e o f pBR322 ; t h i s c l o n e , c a l l e d pMLA, c o n t a i n s t h e c o m p l e t e m a j o r -l a t e p r o m o t e r (Ad2-MLP) r e g i o n o f a d e n o v i r u s -2 DNA ( 1 3 ) .
The -3 2 d e l e t i o n m u t a n t ( F i g . 1A, b o t t o m l i n e ) was c o n s t r u c t e d u s i n g t h e l i n e a r i z e d pMLA DNA c u t w i t h X h o l ( p o s i t i o n -2 5 9 f r o m t h e m a j o r l a t e RNA s t a r t p o i n t ) and t r e a t i n g i t w i t h e x o n u c l e a s e I I I (BRL) and S l -n u c l e a s e , t o c r e a t e a s e r i e s o f d e l e t i o n m u t a n t s u p s t r e a m t h e "TATA" s e q u e n c e ( 4 ) . We s e l e c t e d c o l o n i e s t h a t had l o s t t h e H p a l l s i t e ( p o s i t i o n -5 1 ) b u t r e t a i n e d t h e P v u I I s i t e ( p o s i t i o n +32) ( 4 ) . The s e q u e n c e w h i c h r e p l a c e s t h e r e g i o n between t h e X h o l s i t e and t h e "TATA" box comes f r o m T h a i s j t e s d e f i n e t h ê 5 4 t o -1 2 f r a gm e n t ( b o t t o m l i n e ) , c l o n e d a s des c r i b e d i n M a t e r i a l s a n d M e t h o d s .
V e r t i c a l a r r o w s i n d i c a t e t h e r e s t r i c t i o n n u c l e a s e c u t p o i n t s . T h e " T A T A " b o x i s b o x e d . + a n d -p o s i t i o n s a r e g i v e n w i t h r e s p e c t t o t h e w i l d t y p e mRNA s t a r t s i t e ( p o s i t i o n + 1 ) . B ) p l a s m i d c o n t a i n i n g t w o T h a i f r a g m e n t s i n o p p o s i t e o r i e n t a t i o n s ( t a i l t o t a i l , w h e r e t a i l i s p o s i t i o n -1 2 a n d h e a d p o s i t i o n -5 4 ) . C) P l a s m i d c o n t a i n i n g t w o T h a i f r a g m e n t s i n t h e same o r i e n t a t i o n ( h e a d t o t a i l t o w a r d s t h e E c o R I s i t e o f p B R 3 2 2 ) . D) P l a s m i d c o n t a i n i n g t h e -6 1 / -1 2 f r a g m e n t ( A , u p p e r l i n e ) o f t h e A d 2 -M L P i n s e r t e d i n t h e BamHI s i t e a n d o r i e n t a t e d t o w a r d s t h e S a i l s i t e o f p B R 3 2 2 ) . E) P l a s m i d c o n t a in i n g t h e -6 1 / -1 2 f r a g m e n t o f t h e A d 2 -M L P i n t h e BamHI s i t e a n d o r i e n t a t e d t o w a r d s t h e E c o R I s i t e o f p B R 3 2 2 . F) P l a s m i d c o n t a in i n g t h e T h a i -5 4 / -1 2 f r a g m e n t c l o n e d h e a d t o h e a d , w i t h r e s p e c t t o t h e -6 1 / -1 2 f r a g m e n t , i n t o t h e BamHI s i t e o f t h e p l a s m i d d e s c r i b e d i n D. The RNA s t a r t s i t e s a n d t h e d i r e c t i o n o f t r a n s c r i p t i o n ( 5 ' t o 3 ' ) a r e i n d i c a t e d b y v e r t i c a l b a r s f o l l o w e d b y h o r i z o n t a l a r r o w s . L i g h t l y s h a d e d a r e a s r e p r e s e n t t h e c l o n e d T h a i -5 4 / -1 2 f r a g m e n t a n d h e a v i l y s h a d e d a r e a s t h e -6 1 / -1 2 f r a g m e n t . T h e u n d e r l i n e d s e q u e n c e i n p a r t A i s s h o w n i n b l a c k a n d t h e c l o s e d t r i a n g l e s i n d i c a t e t h e p o s i t i o n o f t h e " T A T A " b o x . R e s t r i c t i o n s i t e s i n p a r e n t h e s e s h a v e b e e n l o s t d u r i n g c l o n i n g . F o r d e t a i l s o f c l o n i n g p r o c e d u r e s s e e M a t e r i a l s a n d M e t h o d s . N u m b e r s b e t w e e n h o r i z o n t a l a r r o w s c o r r e s p o n d t o d i s t a n c e s i n b a s e p a i r s ( 1 7 ) . v e l y ) w e r e c o n s t r u c t e d b y i n s e r t i n g t h e 4 3 bp T h a i f r a g m e n t p u r i f i e d f r o m t h e -3 2 m u t a n t ( F i g . 1 A , b o t t o m l i n e ) i n t o p B R 3 2 2 . T h i s f r a g m e n t c o n t a i n s t h e s e q u e n c e s f r o m t h e T h a i s i t e a t -1 2 ( b e t w e e n t h e s t a r t -p o i n t a n d t h e " T A T A " b o x ) a n d e x t e n d s 43 bp i n t h e 5 1 d i r e c t i o n t o a T h a i s i t e ( p o s i t i o n -5 4 ) i n t h e r e p l ac e m e n t s e q u e n c e o f t h e -3 2 d e l e t i o n m u t a n t c r o s s -h a t c h e d b o x i n F i g . I B a n d C. T h i s f r a g m e n t , w h i c h c o n t a i n s o n l y t h e s e q u e n c e f r o m -3 2 t o -1 2 o f t h e Ad2-MLP ( h e a v y l i n e i n F i g . 1A a n d b l a c k b o x i n F i g . 1 , B t o F ) was c l o n e d i n t o t h e DNA p o l ym e r a s e I r e p a i r e d BamHI s i t e o f pBR322 DNA. C o l o n i e s w e r e p i c k e d a t r a n d o m a n d g r o w n a s s m a l l c u l t u r e s . C o l o n i e s c o n t a in i n g t h e T h a i f r a g m e n t w e r e d e t e c t e d by a n a l y s i s o f c l e a r l y s at e DNA ( 1 5 ) w i t h r e s t r i c t i o n e n z y m e H a e l l l . D i g e s t i o n p r o d u c t s w e r e a n a l y z e d o n 10 % p o l y a c r y l a m i d e g e l s .
T h e s t r u c t u r e o f s e v e r a l c l o n e s was d e d u c e d f r o m t h e r e g e n e r a t i o n o f r e s t r i c t i o n s i t e s a n d c o n f i r m e d b y s e q u e n c i n g ( 1 1 ) . B e c a u s e a 5 -f o l d m o l a r e x c e s s o f t h e T h a i f r a g m e n t was u s e d i n t h i s c l o n i n g p r o c e d u r e , a l l c o l o n i e s c h a r a c t e r i z e d c o n t a i n t a n d e m i n s e r t i o n s o f t h e f r a g m e n t . C l o n e B ( F i g . I B ) h a s t w o f r a g m e n t s i n o p p o s i t e o r i e nt a t i o n ( t a i l t o t a i l ) , w h i l e c l o n e C h a s t w o f r a g m e n t s i n t h e same o r i e n t a t i o n ( t o w a r d t h e E c o R I s i t e o f p B R 3 2 2 , h e a d t o t a i l ) . P l a s m i d s D a n d E ( F i g . 1 ) w e r e c o n s t r u c t e d a s p r e v i o u s l y d e s c r i b e d ( 4 )
. B r i e f l y , a 9 1 bp H a e l l l r e s t r i c t i o n f r a g m e n t , f r o m -6 1 t o + 3 0 o f t h e A d 2 -M L P ( F i g . 1 A , t o p l i n e ) , was i n s e r t e d i n t h e DNA p o l y m e r a s e I r e p a i r e d E c o R I s i t e o f p B R 3 2 2 . From a c o m p l e t e d i g e s t i o n o f t h i s p l a s m i d w i t h r e s t r i c t i o n e n z y m e T h a i , a 1 5 8 bp f r a g m e n t w a s p u r i f i e d , w h i c h c o n t a i n s t h e -6 1 / -1 2 r e g i o n o f t h e Ad2-MLP ( b l a c k + c r o s s e d b o x i n F i g . I D a n d E) a n d , u p s t r e a m , a p i e c e o f pBR322 ( n o t shown as a b o x i n F i g . 1 ) .
T h i s f r a g m e n t was s u b c l o n e d i n b o t h o r i e n t a t i o n s i n t h e r e p a i r e d BamHI s i t e o f p B R 3 2 2 . A f t e r c l o n i n g o n l y t h e BamHI s i t e c l o s e s t t o t h e " T A T A " s e q u e n c e was r e s t o r e d i n c l o n e D. P l a s m i d F was c o n s t r u c t e d b y i n s e r t i n g t h e p u r i f i e d 4 3 bp
T h a i f r a g m e n t i n t o t h e u n i q u e BamHI s i t e o f p l a s m i d D a f t e r m a k i n g i t b l u n t by r e p a i r w i t h DNA p o l y m e r a s e I . S c r e e n i n g f o r c o l o n i e s c o n t a i n i n g t h e i n s e r t e d f r a g m e n t s was c a r r i e d o u t a s f o r c l o n e s B a n d C u s i n g H a e l l l d i g e s t i o n a n d a n a l y s i s b y p o l y a c r y l a m i d e g e l e l e c t r o p h o r e s i s . P l a s m i d F c o n t a i n s a s i n g l e i n s e r t i o n o f t h e 43 bp T h a i f r a g m e n t i n a head t o head o r i e n t a t i o n w i t h r e s p e c t t o t h e -6 1 / -1 2 r e g i o n c o n t a i n e d i n p l a s m i d D. The DNA sequence o f t h i s c l o n e was i n f e r r e d f r o m t h e r e g e n e r a t i o n o f t h e BamHI s i t e s . § £ e . £ i f i c . _ i « _ y i t r o . t r a n s c r i p t i o n .
RNA was s y n t h e s i z e d in vitro f o r 60 m i n u t e s a t 25°C i n a s t a n d a r d r e a c t i o n m i x t u r e ( f i n a l volume 25 p i ) c o n t a i n i n g ( f i n a l c o n c e n t r a t i o n ) 25 pM [ a - 
t r a c t e d w i t h w a t e r s a t u r a t e d p h e n o l , t w i c e w i t h c h l o r o f o r m , made 0.15 M i n ammonium a c e t a t e and p r e c i p i t a t e d w i t h two volumes o f e t h a n o l . The
y n t h e s i z e d in vitro ( t h r e e -f o l d s t a n d a r d r e a c t i o n s , one a l i q u o t was used t o check t h e s y n t h e s i s on a t r a n s c r i p t i o n g e l )
on t h e S a i l l i n e a r i z e d -3 2 / -1 2 and -6 1 / -1 2 p l a s m i d s B and D, e x t r a c t e d , p r e c i p i t a t e d w i t h 0 . 5 pinole o f s i n g l e -s t r a n d e d BamHI- The r e a c t i o n s were stopped w i t h 50 mM EDTA ( f i n a l c o n c e n t r a t i o n ) and 20 yg o f c a r r i e r E . c o l i tRNA and, a f t e r phenol e x t r a c t i o n made 0.15 M i n ammonium a c e t a t e and p r e c i p i t a t e d w i t h two v o l umes o f c o l d e t h a n o l . Products r e s i s t a n t t o S I o r Mung bean nuclease d i g e s t i o n s were analyzed on 8 % o r 10 % p o l y a c r y l a m i d e ,
8.3 M urea sequencing gels ( 1 1 ) .
RESULTS AND DISCUSSION.
A) The "TATA" region i s necessary and s u f f i c i e n t t o d i r e c t s p e c i f i c i n i t i a t i o n o f RNA s y n t h e s i s .
Promotion of transcription initiation by the -32/-12 segment
of the Adenovirus-2 major-late promoter.
To d e t e r m i n e whethe'r t h e 2 l -b p r e g i o n f r o m -3 2 t o -1 2 o f t h e Ad2-MLP i s s u f f i c i e n t t o d i r e c t s p e c i f i c i n i t i a t i o n o f t r a n s c r i p t i o n in vitro, we have c l o n e d i n pBR322 a 4 3 -b p f r a gment w h i c h c o n t a i n s t h i s r e g i o n . L i n e s B and C o f F i g u r e 1 r e p r e s e n t two p l a s m i d s w h i c h h a r b o u r i n t h i s BamHI s i t e two such f r a g m e n t s i n o p p o s i t e ( B ) o r i d e n t i c a l ( C ) o r i e n t a t i o n s ( s e e M a t e r i a l s and Methods f o r c l o n i n g d e t a i l s ) . L i n e s D and E show
t h e maps o f t h e p r e v i o u s l y d e s c r i b e d ( 4 ) -6 1 / -1 2 f r a g m e n t o f
Ad2-MLP c l o n e d i n t h e BamHI s i t e o f pBR322. L i n e F shows t h e map o f a p l a s m i d w h i c h c o n t a i n s i n o p p o s i t e o r i e n t a t i o n b o t h
t h e -3 2 / -1 2 and -6 1 / -1 2 r e g i o n s o f t h e Ad2-MLP.
When p l a s m i d B i s l i n e a r i z e d w i t h r e s t r i c t i o n enzymes E c o R I , H i n d l l l o r S a i l and t r a n s c r i b e d in vitro,
RNA r u n -o f f s o f a b o u t 365 ( F i g . 2 l a n e 2 ) , 335 ( l a n e 3 ) and 265 ( l a n e 4 ) n u c l e o t i d e s a r e o b t a i n e d , r e s p e c t i v e l y . A t o p t i m a l DNA c o n c e n t r a t i o n s t h e amount o f s p e c i f i c r u n -o f f t r a n s c r i p t s f o r t h e -3 2 / -1 2 t e m p l a t e s i s a b o u t 10 % o f t h e w i l d -t y p e ( l a n e 1 ) .
C o m p a r i n g r u n -o f f t r a n s c r i p t s f r o m t h e -3 2 / -1 2 p l a s m i d s B t o t h o s e f r o m t h e -6 1 / -1 2 p l a s m i d E a n d D t e m p l a t e s c u t w i t h t h e same r e s t r i c t i o n enzyme ( F i g u r e 2 , compare 2 , 3 and 4 t o 7 , 8 and 9 , r e s p e c t i v e l y ) we see t h a t t h e l e n g t h as w e l l as t h e i n t e n s i t y o f t h e s p e c i f i c t r a n s c r i p t s i s a b o u t t h e same. When t h e t e m p l a t e B i s c u t w i t h b o t h S a i l and EcoRI ( l a n e 5 ) o r H i n d l l l ( l a n e 6 ) b o t h r u n -o f f s a r e o b s e r v e d . Because s o f e w t e m p l a t e m o l e c u l e s a r e a p p a r e n t l y u t i l i z e d i n t h i s in vitro 
i a l s a n d M e t h o d s a n d RNA was a n a l y s e d o n a 5 % a c r y l a m i d e -8 . 3 M u r e a g e l . L a n e 1 , p u r i f i e d T a q I f r a g m e n t ; l a n e 4 , p l a s m i d B c u t w i t h S a i l ; l a n e 5 , p l a s m i d B c u t w i t h E c o R I + S a i l ; l a n e 6 , p l a s m i d B c u t w i t h H i n d l l l + S a i l ; l a n e 7 , p l a s m i d E c u t w i t h E c o R I ; l a n e 8 , p l a s m i d E c u t w i t h H i n d l l l ; l a n e 9 , p l a s m i d D c u t w i t h S a i l . L a n e s M a r e 5 ' -e n d 3 2 P -l a b e l l e d DNA f r a g m e n t s ( p B R 3 2 2 p l a s m i d DNA c u t w i t h M s p l ) u s e d a s s i z e m a r k e r s .
A r r o w h e a d s p o i n t t o t h e r u n -o f f t r a n s c r i p t s d i s c u s s e d i n t h e t e x t .
t r a n s c r i p t i o n s y s t e m ( 1 6 ) , we c a n s a y n o t h i n g a b o u t t h e p o s s i b l e i n t e r f e r e n c e b e t w e e n t w o p r o m o t e r s w h e n i n c l o s e p r o x i m i t y .
T r a n s c r i p t i o n o f p l a s m i d s C a n d F ( F i g . 1 ) i s s h o w n i n F i g . 3 .
W i t h p l a s m i d C , t w o r u n -o f f s i n t h e E c o R I d i r e c t i o n a r e o b s e rv e d on t e m p l a t e s c u t w i t h e i t h e r E c o R I ( l a n e 2 , a b o u t 4 1 0 a n d 3 6 5 n u c l e o t i d e s ) o r H i n d l l l ( l a n e 3 , a b o u t 3 8 0 a n d 3 3 5 n u c l e o t i d e s ) . When p l a s m i d F , c u t w i t h E c o R I , H i n d l l l o r S a i l i s u s e d a s t e m p l a t e , t h e t r a n s c r i p t s ( a b o u t 5 1 5 , 4 8 5 a n d 3 0 0 n u c l e o t i d e s , r e s p e c t i v e l y ) s h o w n i n l a n e s 4 -6 a r e o b t a i n e d .
I n s p e c t i o n o f l a n e s 7 a n d 8 r e v e a l s no b a n d s o f s i m i l a r s i z e s w h e n w i l d -t y p e p B R 3 2 2 d i g e s t e d w i t h E c o R I o r S a i l i s t r a n s c r i b e d a n d t h e p r o d u c t s a r e e l e c t r o p h o r e s e d u n d e r t h e same c o n d i t i o n s .
S e v e r a l c o n c l u s i o n s c a n be d r a w n f r o m t h e s e t r a n s c r i p t i o n d a t a . F i r s t , f r o m a l e n g t h a n a l y s i s o f a l l o f t h e r u n -o f f t r a n s c r i p t s s h o w n i n F i g . 2 a n d 3 i t i s c l e a r t h a t i n a l l c a s e s 
l a s m i d F c u t w i t h EcoRI ; l a n e 5 , p l a s m i d F c u t w i t h H i n d l l l ; l a n e 6 , p l a s m i d F c u t w i t h S a i l ; l a n e 7 , pBR322 w i l d -t y p e p l a s m i d c u t w i t h EcoRI ; l a n e 8 , pBR322 w i l d -t y p e p l a s m i d c u t w i t h S a i l . S i z e m a r k e r s (M) a n d a r r o w h e a d s a r e as i n F i g . 2 . a b o u t 30 bp d o w n s t r e a m f r o m t h e f i r s t T o f t h e "TATA" b o x . S e c o n d , d e l e t i o n o f t h e -6 1 / -3 3 segment f r o m t h e -6 1 / -1 2 r e g i o n does n o t change t h e a p p a r e n t s t a r t p o i n t o f in vitro t r a n s c r i pt i o n w i t h i n t h e l i m i t s o f r e s o l u t i o n o f t h e g e l s y s t e m e m p l o y e d ( 4 b p ) . T h i r d , a c o m p a r i s o n o f a l l o f t h e r u n -o f f t r a n s c r i p t s w i t h t h e t r a n s c r i p t o b t a i n e d w i t h a t e m p l a t e c o n t a i n i n g t h e e n t i r e m a j o r l a t e p r o m o t e r r e g i o n ( l a n e 1 i n F i g . 2 a n d 3 ) i n d ic a t e s t h a t t h e amount o f s p e c i f i c t r a n s c r i p t i o n f r o m t h e -3 2 / -1 2 and t h e -6 1 / -1 2 p l a s m i d s i s 5 t o 1 0 -f o l d r e d u c e d ; i n a d d i t i o n d e l e t i o n o f t h e -6 1 / -3 3 s e g m e n t f r o m t h e -6 1 / -1 2 r e g i o n does n o t r e d u c e t h e i n i t i a t i o n o f s p e c i f i c t r a n s c r i p t i o n b e l o w t h a t p r omoted by t h e -6 1 / -1 2 r e g i o n i t s e l f . F o u r t h , t h e o b s e r v a t i o n o f b o t h s p e c i f i c r u n -o f f t r a n s c r i p t s w i t h p l a s m i d C ( F i g . 1 a n d F i g . 3 l a n e s 2 a n d 3 ) e x c l u d e s t h a t t h e "TATA" s e q u e n c e c o u l d s e r v e as a p r o c e s s i n g s i g n a l , a s o n l y t h e s h o r t e r r u n -o f f w o u l d be e x p e c t e d .
To d e t e r m i n e more p r e c i s e l y t h e s t a r t p o i n t o f t h e r u n -o f f t r a n s c r i p t s d i r e c t e d by t h e -3 2 / -1 2 r e g i o n , we u s e d t h e same S l -m a p p i n g s t r a t e g y as p r e v i o u s l y used t o map t h e s t a r t p o i n t s o f t h e -6 1 / -1 2 t r a n s c r i p t s ( 4 ) . The p r o b e DNA f r a g m e n t s protected by t h e -6 1 / -1 2 a n d t h e -3 2 / -1 2 t r a n s c r i p t s were i d e n t i c a l ,
i n d i c a t i n g t h a t t h e s e RNAs have i d e n t i c a l 5 ' -e n d s ( n o t s h o w n ) .
M o r e o v e r t h e same p r o b e f r a g m e n t s were o b t a i n e d when t h e s i n g l e -s t r a n d s p e c i f i c Mung bean n u c l e a s e was used i n s t e a d o f
S I n u c l e a s e , w h i c h s u g g e s t s t h a t t h e 5 ' -e n d m u l t i p l i c i t y ( 4 ) was n o t due t o S I n u c l e a s e t r i m m i n g . Taken t o g e t h e r , t h e t r a n s c r i p t i o n a n d s i n g l e -s t r a n d n u c l e a s e m a p p i n g d a t a i n d i c a t e t h a t t h e r e g i o n f r o m -3 2 t o -1 2 o f t h e Ad2-MLP i s b o t h n e c e s s a r y and s u f f i c i e n t f o r t h e i n i t i a t i o n o f s p e c i f i c in vitro
t r a n s c r i pt i o n .
Which n u c l e o t i d e s , w i t h i n t h e -3 2 / -1 2 r e g i o n , a r e a c t u a l l y i n v o l v e d i n p r o m o t e r f u n c t i o n ? S e q u e n c i n g t h e DNA u p s t r e a m f r o m s e v e r a l D r o s o p h i l a h i s t o n e g e n e s , G o l d b e r g a n d Hogness ( p e r s o n a l c o m m u n i c a t i o n ) i d e n t i f i e d a sequence o f h o m o l o g y , t h e "TATA" b o x , w h i c h s i n c e has been f o u n d a b o u t 30 bp u p s t r e a m f r o m t h e cap s i t e o f most genes t r a n s c r i b e d by RNA p o l y m e r a s e B ( 4 , 1 8 ) . A n a l y s i s o f t h e s e 5 1 u p s t r e a m s e q u e n c e s f o r 60 genes A T y i e l d s t h e c o n s e n s u s sequence 5 ' -T A T A C A A -3 ' ( 4 , 1 8 ) . C o r d e n e t a l . ( 4 ) have shown t h a t d e l e t i o n o f t h e f i r s t TA o f t h e Ad2-MLP TATAAA s e q u e n c e r e d u c e s s p e c i f i c in vitro t r a n s c r i p t i o n by a t l e a s t 1 0 0 -f o l d . D e l e t i o n o f t h e e n t i r e "TATA" b o x e l i m i n a t e s s p e c i f i c in vitro t r a n s c r i p t i o n f r o m t h i s p r o m o t e r . F u r t h e r m o r e , W a s y l y k e t a l . have shown t h a t some p o i n t m u t a t i o n s a n d d e l et i o n s i n t h e TATAAA sequence r e d u c e s t h e s p e c i f i c in vitro t r a n s c r i p t i o n o f t h e c h i c k e n c o n a l b u m i n gene by a b o u t 2 0 -f o l d ( 1 9 , 2 0 ) . The r e g i o n a d j a c e n t t o t h e "TATA" b o x h o m o l o g y s e q u e nce shows l i t t l e o r no c o n s e r v a t i o n among t h e 60 genes w h i c h have been e x a m i n e d ( 1 8 a n d J . C o r d e n , u n p u b l i s h e d ) . I n c o n s i d e r i n g t h e l a c k o f h o m o l o g y o t h e r t h a n t h e "TATA" b o x i n t h e -3 2 / -1 2 r e g i o n a n d t h e e f f e c t o f d e l e t i o n s a n d p o i n t m u t a t i o n s i n t h i s s e q u e n c e , we a r e l e d t o h y p o t h e s i z e t h a t t h e "TATA" b o x i s t h e s e q u e n c e e l e m e n t w h i c h i s n e c e s s a r y and s u f f i c i e n t f o r t h e i n i t i a t i o n o f s p e c i f i c in vitro
Promotion of specific initiation of transcription by pBRS22 "TATA" box-like sequences.
To t e s t t h e above h y p o t h e s i s , we l o c a t e d , through a comput e r s e a r c h , sequences i n pBR322 which are homologous t o the e u c a r y o t i c "TATA" sequence. Two sequences are o f p a r t i c u l a r i n t e r e s t : t h e 11 base sequence 5'-GGACTATAAAG-3' ( F i g . 4A) s t a r t i n g a t n u c l e o t i d e 2608 ( 2 1 ) s h a r e s 1 1 , 10 and 7 n u c l e o t i d e s w i t h t h e "TATA" box r e g i o n o f t h e r a t p r e p r o i n s u l i n gene ( 2 2 
B o t h o f t h e s e s e q u e nces a r e l o c a t e d a t p o s i t i o n s q u i t e d i f f e r e n t f r o m t h e b a c t e r i a l p r o m o t e r s used i n t h e pBR322 p l a s m i d ( 2 5 ) . When w i l d t y p e pBR322
DNA i s l i n e a r i z e d w i t h t h e a p p r o p r i a t e r e s t r i c t i o n e n z y m e s , t r a n s c r i b e d in vitro,
and t h e r u n -o f f p r o d u c t s -a r e a n a l y z e d on g e l s , w e f i n d t r a n s c r
i p t i o n r u n -o f f p r o d u c t s w h i c h c o r r e s p o n d t o i n i t i a t i o n s d i r e c t e d by t h e s e b a c t e r i a l "TATA" b o x -l i k e s e q u e nc e s . F i g . 4 shows e x a m p l e s o f s u c h in vitro r u n -o f f t r a n s c r i p t s , u s i n g as t e m p l a t e pBR322 DNA l i n e a r i z e d a t d i f f e r e n t r e s t r i c t i o n s i t e s . W i t h t e m p l a t e s l i n e a r i z e d w i t h P v u l , P s t I and B g l l ( s e e F i g . 4 , A ) , t r a n s c r i p t s o f r e s p e c t i v e l y a b o u t 1100 ( F i g . 4 B , l a n e 1 ) , 970 and 840 n u c l e o t i d e s ( n o t shown) a r e o b t a i n e d . When t h e p u r i f i e d 4 3 4 -b p H a e l l l f r a g m e n t ( m a p p i n g between p o s i t i o n 2518 and 2952 o f pBR322, see F i g . 4 , A) i s used as t e m p l a t e a t r a n s c r i p t o f a b o u t 310 n u c l e o t i d e s i s o b s e r v e d ( F i g . 4C, a r r o wh e a d ) . T o g e t h e r t h e l e n g h t s o f t h e s e r u n -o f f t r a n s c r i p t s a l l o w us t o p o s i t i o n t h e i r s t a r t p o i n t a p p r o x i m a t e l y 30 bp d o w n s t r e a m f r o m t h e b a c t e r i a l "TATA" b o x -l i k e sequence l o c a t e d a t p o s i t i o n 2 6 0 8 . S i m i l a r l y , t h e l e n g h t s o f t h e r u n -o f f s o b t a i n e d on pBR322 t e m p l a t e s c u t w i t h S a i l (655 n u c l e o t i d e s , F i g . 4 B , l a n e 3) o r BamHI ( 3 8 5 n u c l e o t i d e s , n o t shown) e x t r a p o l a t e t o a s t a r t s i t e l o c a t e d a b o u t 35 bp d o w n s t r e a m f r o m t h e "TATA" b o x -l i k e s e q u e n c e f o u n d a t p o s i t i o n 4 3 2 0 .
When t h e pBR322 t e m p l a t e s are t r a n sc r i b e d i n t h e p r e s e n c e o f 1 y g / m l a -a m a n i t i n ( F i g . 4 B , l a n e s 2
and 4) t h e s p e c i f i c r u n -o f f bands a r e n o t s e e n , i n d i c a t i n g t h a t t h e s e t r a n s c r i p t s are s y n t h e s i z e d by RNA p o l y m e r a s e B . T h i s s p e c i f i c i n i t i a t i o n o f t r a n s c r i p t i o n on a b a c t e r i a l t e m p l a t e s u p p o r t s t h e c o n c l u s i o n t h a t t h e "TATA" sequence a l o n e i s s u f f i c i e n t f o r p r o m o t i n g s p e c i f i c in vitro
t r a n s c r i p t i o n . I f an a d d i t i o n a l sequence i s r e q u i r e d f o r s p e c i f i c i n i t i a t i o n , i t w o u l d seem u n l i k e l y t o o c c u r i n t h e pBR322 genome a d j a c e n t t o t h e s e "TATA" b o x -l i k e s e q u e n c e s . P e r h a p s t r a n s c r i p t i o n f r o m F i g . 4 : S p e c i f i c in vitro t r a n s c r i p t i o n o f pBR322 p l a s m i d DNA. A ) P h y s i c a l map o f pBR322 DNA s h o w i n g t h e l o c a t i o n o f t h e " T A T A " b o x -l i k e s e q u e n c e s ( 2 6 0 8 a n d 4 3 2 0 r e f e r t o t h e p o s i t i o n o f t h e f i r s t T p r e s e n t i n t h e s e q u e n c e s g i v e n i n p a r e n t h e s e s ) a n d o f r e s t r
i c t i o n s i t e s u s e d t o g e n e r a t e t h e DNA t e m p l a t e s ( 1 7 ) . T h e l e n g t h s o f t h e v a r i o u s DNA f r a g m e n t s c o v e r e d by a r r o w s a r e g i v e n i n b a s e p a i r s . T h e d i s t a n c e s f r o m p o s i t i o n 2 6 0 8 t o t h e t w o H a e l l l s i t e s , s h o w n on t h e d i a g r a m , a r e 3 4 4 a n d 9 0 b a s e p a i r s i n t h e c l o c k -w i s e a n d c o u n t e r c l o c k -w i s e d i r e c t i o n s r e s p e c t i v e l y . O t h e r " T A T A " -l i k e s e q u e n c e s h a v e b e e n l o c a l i z e d i n pBR322 b y c o m p u t e r s e a r c h b u t h a v e n o t b e e n f u r t h e r i n v e s t i g a t e d : t h e s e s e q u e n c e s a r e l o c a t e d a t p o s i t i o
n s 9 7 , 4 4 3 , 3 2 3 3 , 3 2 7 1 , 3 9 4 7 a n d c o r r e sp o n d r e s p e c t i v e l y t o t h e " T A T A " b o x s e q u e n c e s o f t h e g e n e s c o d i n g f o r h i s t o n e H4 ( 4 3 ) , H I ( 4 4 ) , l y s o z y m e ( G r e z , M . , S c h l i t z , G . , J u n g , A . a n d S i p p e l , A . , p e r s o n n a l c o m m u n i c a t i o n ) , o v a l b um i n ( 3 8 ) a n d l y s o z y m e ( G r e z , M . , S c h u t z , G . , J u n g , A . a n d S i p p e l , A . , p e r s o n a l c o m m u n i c a t i o n ) . B ) p B R 3 2 2 DNA w a s l i n e a r i z e d w i t h d i f f e r e n t r e s t r i c t i o n e n z y m e s a n d u s e d a s t e m p l a t e i n t h e in vitro t r a n s c r i p t i o n s y s t e m d e s c r i b e d i n M a t e r i a l s a n d M e t h o d s . T h e RNA t r a n s c r i p t s w e r e a n a l y s e d o n a 3 . 5 % a c r y l a m i d e 8 . 3 M u r e a g e l . L a n e 1 , t h e pBR322 t e m p l a t e w a s c u t w i t h P v u l ( p o s it i o n 3 7 3 7 ) ; l a n e 2 , same a s i n l a n e 1 , b u t a -a m a n i t i n ( 1 p g / m l ) w a s p r e s e n t d u r i n g RNA s y n t h e s i s ; l a n e 3 , pBR322 w a s c u t w i t h S a i l ( p o s i t i o n 6 5 0 ) ; l a n e 4 , same a s i n l a n e 3 , b u t a -a m a n i t i n was p r e s e n t ( 1 y g / m l ) d u r i n g RNA s y n t h e s i s ; l a n e M i s 5 ' -e n d 3 2 P l a b e l l e d DNA f r a g m e n t s ( S V 4 0 DNA c u t w i t h H i n d l l l ) u s e d as s i z e m a r k e r s . L a n e s 3 a n d 4 h a v e b e e n e x p o s e d a b o u t t w i c e a s l o n g a s l a n e s 1 a n d 2 . C) t h e 4 3 4 b p H a e l l l r e s t r i c t i o n f r a g m e n t ( s e e p a r t A ) w a s e l e c t r o p h o r e t i c a l l y p u r i f i e d a n d u s e d a s t e m p l a t e f o r in vitro RNA s y n t h e s i s . RNA t r a n s c r i p t s w e r e a n a l ys e d on a 5 % a c r y l a m i d e 8 . 3 M u r e a g e l ( l a n e 1 ) . T h e u p p e r b a n d s e e n o n l a n e 1 c o r r e s p o n d s t o f u l l l e n g t h t e m p l a t e DNA w h i c h b e c o m e s e n d l a b e l l e d d u r i n g t h e in vitro i n c u b a t i o n ( J . C o r d e n , u n p u b l i s h e d o b s e r v a t i o n ) . L a n e M i s 5 ' -e n d 3 2 P -l a b e l l e d DNA f r a g m e n t s ( p B R 3 2 2 ) c u t w i t h M s p l u s e d as s i z e m a r k e r s . 2 6 , 2 7 ) .
B) The sequence o f t h e s t a r t s i t e i n f l u e n c e s t h e e f f i c i e n c y o f i n i t i a t i o n o f in vitro t r a n s c r i p t i o n .
We down m u t a n t s i t i s c l e a r t h a t some o t h e r s e q u e n c e r e q u i r e m e n t e x i s t s . For e x a m p l e c l o n e F i n t h e EcoRI d i r e c t i o n ( l i n e 4) c o n t a i n s t h e e x a c t c o n s e n s u s s t a r t s i t e s e q u e n c e ( i . e . an A r e s i d u e s u r r o u n d e d by r u n s o f p y r i m i d i n e s ) y e t i t i s l e s s e f f i c i e n t l y t r a n s c r i b e d t h a n w i l d -t y p e . P e r h a p s t h e h i g h GC c o n t e n t o f t h i s s t a r t s i t e r e g i o n makes t h e s t a r t i n g n u c l e o t 
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:
N u c l e o t i d e s e q u e n c e s a r o u n d t h e RNA s t a r t p o i n t s o f t h e w i 1 d -t y p e A d 2 -M L P , t h e d i f f e r e n t Ad2-MLP c o n t a i n i n g p l a s m i d s and t h e "TATA" b o x -l i k e sequences o f pBR322. Ten bases o f t h e DNA s e q u e n c e (non coding s t r a n d ) i n t h e RNA s t a r t p o i n t r e g i o n e q u i d i s t a n t f r o m t h e "TATA" s e q u e n c e , a r e r e p r e s e n t e d f o r t h e d i f f e r e n t p l a s m i d DNAs ( 1 t o 6) b e l o w t h e c o r r e s p o n d i n g Ad2-MLP w i l d -t y p e s e q u e n c e ( t o p l i n e ) . ( 5 ) and ( 6 ) pBR322 w i t h t r a n s c r i p t i o n d i r e c t e d by t h e "TATA" b o x -l i k e s e q u e n c e s , l o c a t e d a t p o s i t i o n 4320 and 2 6 0 8 , r e s p e c t i v e l y . s e q u e n c e ) . The p r e d i c t e d 2608 s t a r t p o i n t has A ' s i n p o s i t i o n -2 and -3 ( l i n e 6 ) . The i n t e n s i t y o f t h e s p e c i f i c r u n -o f f t r a n s c r i p t f r o m t h e 2608 " s t a r t " i s a b o u t t h e same as f o r t h e p l a s m i d s c o n t a i n i n g t h e Ad2-MLP -3 2 / -1 2 o r -6 1 / -1 2 p r o m o t e r s e q u e n c e s , b u t t h e i n t e n s i t y o f t h e 4320 s t a r t i s a t l e a s t 1 0 -f o l d l o w e r .
S t a r t p o i n t r e g i o n s ( s e e F i g . 1) : ( 1 ) i n p l a s m i d s B and E w i t h t r a n s c r i pt i o n o c c u r i n g i n t h e EcoRI d i r e c t i o n ; ( 2 ) p l a s m i d s B and D i n t h e S a i l d i r e c t i o n ; ( 3 ) p l a s m i d C w i t h t r a n s c r i p t i o n d i r e ct e d by t h e "TATA" s e q u e n c e c l o s e s t t o t h e S a i l s i t e ; ( 4 ) p l a sm i d F w i t h t r a n s c r i p t i o n o c c u r i n g i n b o t h d i r e c t i o n s ,
The i n e f f i c i e n c y o f t h e 4320 s t a r t m i g h t t h e n be r e l a t e d t o t h e d i s t a n c e o f an A r e s i d u e a t a b o u t 30 bp d o w n s t r e a m f r o m t h e pBR322 "TATA" l i k e s e q u e n c e .
CONCLUSION
The p r e s e n t r e s u l t s demonstrate t h a t the Adenovirus major l a t e "TATA" box r e g i o n i s able to promote in vitro s p e c i f i c t r a n s c r i p t i o n from s i t e s l o c a t e d at about 30 bp downstream, even when s e p a r a t e d from both i t s n a t u r a l upstream and downstream sequences and i n s e r t e d i n t o a f o r e i g n n u c l e o t i d e e n v i r o n m e n t .
Moreover randomly o c c u r i n g p r o k a r y o t i c "TATA" b o x -l i k e sequences are r e c o g n i z e d by t h e e u k a r y o t i c RNA p o l y m e r a s e B t r a n s c r i p t i o n m a c h i n e r y and promote s p e c i f i c in vitro t r a n s c r i p t i o n . S e v e r a l r e c e n t s t u d i e s s u p p o r t t h e c o n c l u s i o n t h a t t h e A d e n o v i r u s -2 m a j o r l a t e and c h i c k e n c o n a l b u m i n "TATA" box sequences a r e e s s e n t i a l f o r s p e c i f i c in vitro t r a n s c r i p t i o n ( 4 , 1 3 ) . M a t h i s and Chambon ( 2 9 ) have a l s o shown t h a t d e l e t i o n o f sequences u p s t r e a m from t h e SV40 e a r l y "TATA" box do n o t a b o l i s h s p e c i f i c in vitro t r a n s c r i p t i o n , whereas d e l e t i o n o f t h e "TATA" box d o e s . S i m i l a r d e l e t i o n e x p e r i m e n t s by Tsai e t a l . ( 3 0 ) on t h e c h i c k e n o v a l b u m i n gene i n d i c a t e t h a t t h e "TATA" box p l a y s an e s s e n t i a l r o l e i n p r o m o t i n g s p e c i f i c in vitro t r a n s c r i p t i o n . R e s u l t s o f t r a n s c r i p t i o n o f "TATA" box p o i n t m u t a n t s f u r t h e r s u p p o r t s t h i s c o n t e n t i o n . Wasylyk e t a l . ( 1 9 ) have shown t h a t T t o G o r T t o A ( 2 0 ) t r a n s v e r s i o n s r e s u l t i n g i n "TAGA" o r "TAAA" sequences u p s t r e a m t o t h e c h i c k e n c o n a l b u m i n gene a c t as 2 0 -f o l d p r o m o t e r down m u t a t i o n s . A s i m i l a r sequence change (T t o G t r a n s v e r s i o n ) o c c u r s i n t h e second T o f t h e "TATA" box o f one o f t h e mouse a -g l o b i n pseudogenes ( 3 1 ) . T h i s gene i s n o t t r a n s c r i b e d in vitro o r in vivo, a l t h o u g h o t h e r sequence c h a n g e s , p a r t i c u l a r l y a r o u n d t h e cap s i t e , may c o n t r i b u t e t o t h i s e f f e c t ( 3 1 ) .
A l t h o u g h o u r r e s u l t s i n d i c a t e t h a t t h e in vivo cap s i t e sequences are n o t e s s e n t i a l f o r o b t a i n i n g s p e c i f i c d i s c r e t e t r a n s c r i p t s in vitro, i t i s c l e a r t h a t when these sequences are r e p l a c e d t h e e f f i c i e n c y o f t r a n s c r i p t i o n i s r e d u c e d . We have p r e v i o u s l y n o t e d t h a t c a p -s i t e sequences c o n s i s t v e r y o f t e n o f an A r e s i d u e w i t h i n a p y r i m i d i n e -r i c h c l u s t e r ( 4 , 1 8 ) . The r e s u l t s p r e s e n t e d here s u p p o r t t h i s g e n e r a l sequence r e q u i r e m e n t a l t h o u g h many more s t a r t -s i t e r e p l a c e m e n t mutants w i l l need t o be a n a l y z e d b e f o r e s p e c i f i c sequence r e q u i r e m e n t s can be d e t e r m i n e d . W h i l e removal o f sequences downstream from t h e "TATA" box can reduce t h e e f f i c i e n c y o f in vitro t r a n s c r i p t i o n , removal o f u p s t r e a m sequences has no in vitro e f f e c t ( 4 , 1 3 , 2 9 ) . I n c o n t r a s t , when p r o m o t e r s w i t h d e l e t i o n s u p s t r e a m from t h e "TATA" box are a n a l y z e d in vivo, sequences i n t h e -1 5 0 t o -6 0 r e g i o n p l a y an i m p o r t a n t r o l e . F o r t h e SV40 e a r l y ( 3 2 , 3 3 ) , Herpes t h y m i d i n e k i n a s e ( 3 4 , and K. O'Hare p e r s o n a l c o m m u n i c a t i o n ) , y e a s t His3 ( 3 5 ) and h i s t o n e H 2 A ( 3 6 , 37) p r o m o t e r s , d e l e t i o n o f s e q u e n c e s u p s t r e a m t o t h e "TATA" box r e s u l t s i n a r e d u c t i o n i n s p e c i f i c t r a n s c r i p t i o n . Sequence homology between d i f f e r e n t p r o m o t e r s has been o b s e r v e d i n t h i s " u p s t r e a m " r e g i o n ("CAAT" b o x , see R e f . 3 8 ) , a l t h o u g h w h e t h e r t h i s sequence i t s e l f a c t u a ll y c o n t r i b u t e t o t h e p r o m o t i o n o f t r a n s c r i p t i o n has n o t y e t been d e t e r m i n e d . In v i e w o f t h e p r e s e n t l o w e f f i c i e n c y o f in vitro t r a n s c r i p t i o n , i t i s q u i t e p o s s i b l e t h a t t h e in vitro s y s t e m u s e d t o d a t e l a c k s some e s s e n t i a l f a c t o r ( s ) n e c e s s a r y f o r r e c o g n i t i o n o f t h e e n t i r e in vivo p r o m o t e r r e g i o n .
W h a t e v e r t h e r o l e o f t h e s e u p s t r e a m sequences i s i t seems c l e a r t h a t t h e "TATA" box i s n e c e s s a r y b o t h in vitro and in vivo f o r t r a n s c r i p t i o n t o s t a r t a t t h e in vivo cap s i t e s . I t has been shown t h a t d e l e t i o n o f t h e "TATA" box does n o t a b o l i s h in vivo gene e x p r e s s i o n ( 3 2 , 3 6 ) . H o w e v e r , when t h e "TATA" box s e q u e n c e s a r e d e l e t e d f r o m t h e SV40 e a r l y ( 3 3 ) , h i s t o n e H 2 A ( 3 7 ) , and r a b b i t e -g l o b i n ( 3 9 ) p r o m o t e r s t h e n a t u r a l mRNA's s t a r t s a r e n o t s e e n , b u t o t h e r new m u l t i p l e s t a r t s a p p e a r and t h e s e s t a r t s a r e t h e same as t h o s e u s e d in vitro i n t h e a b s e n c e o f t h e TATA sequence ( 2 9 ) . These r e s u l t s and t h e absence o f t h e 
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